Abstract-Chess involves the capacity to reason iteratively about potential intentional choices of an opponent and therefore involves high levels of explicit theory of mind [ToM] (i.e. ability to infer mental states of others) alongside clear, strategic rule-based decision-making. Functional magnetic resonance imaging was used on 12 healthy male novice chess players to identify cortical regions associated with chess, ToM and empathizing. The blood-oxygen-leveldependent (BOLD) response for chess and empathizing tasks was extracted from each ToM region. Results showed neural overlap between ToM, chess and empathizing tasks in right-hemisphere temporo-parietal junction (TPJ) [BA40], left-hemisphere superior temporal gyrus [BA22] and posterior cingulate gyrus [BA23/31]. TPJ is suggested to underlie the capacity to reason iteratively about another's internal state in a range of tasks. Areas activated by ToM and empathy included right-hemisphere orbitofrontal cortex and bilateral middle temporal gyrus: areas that become active when there is need to inhibit one's own experience when considering the internal state of another and for visual evaluation of action rationality. Results support previous findings, that ToM recruits a neural network with each region sub-serving a supporting role depending on the nature of the task itself. In contrast, a network of cortical regions primarily located within right-and left-hemisphere medial-frontal and parietal cortex, outside the internal representational network, was selectively recruited during the chess task. We hypothesize that in our cohort of novice chess players the strategy was to employ an iterative thinking pattern which in part involved mentalizing processes and recruited core ToM-related regions. Ó 2017 Published by Elsevier Ltd on behalf of IBRO.
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Theory of Mind (ToM), also referred to as intentionality 20 and mentalizing (Frith and Frith, 1999; Vo¨llm et al., 21 2006), is the ability to infer the intentions, beliefs or mental 22 states of others in order to explain and predict behavior 23 (Powell et al., 2010 (Powell et al., , 2014 Stiller and Dunbar, 2007) . roimaging literature suggests that ToM is associated with 25 a distributed network of cortical regions (reviewed by 26 Carrington and Bailey, 2009, and Lieberman, 2007 Powell et al., 2014) . The extent to which these different 34 regions are involved depends on the nature of the social 35 cognitive task being used (Lieberman, 2007; Powell 36 et al., 2014) . A 'core-network' for ToM has been pro-37 posed, which includes medial PFC (mPFC) and bilateral 38 TPJ (Amodio and Frith, 2006; Frith and Frith, 2006;  39 Mitchell et al., 2002; Schurz et al., 2014) . These regions 40 are consistently engaged whenever we reason about 41 the mental states of others, regardless of task and stimuli emotional experiences of another (Gallese, 2003) . Using 48 functional magnetic resonance imaging (fMRI), Vo¨llm 49 et al. (2006) showed that ToM and empathy are associ-50 ated with overlapping but distinct neural networks. 51 Knowing how another person thinks and 'thinks you 52 think' etc. is critical to predicting behavior in strategic 53 interaction games (Camerer et al., 2005) . Iterated strate-54 gic thinking consumes working memory and requires the 55 ability to metaphorically 'put ourselves in another player's 56 mind' (Camerer et al., 2005 (Atherton et al., 2003) and, at least in novice chess play- 'chunks') when perceiving familiar positions (Chase and 90 Simon, 1973; Gobet, 1998) and use them for carrying 91 out look-ahead search (Gobet, 1997) (Gallagher et al., 2002; Camerer, 2009 (Atherton et al., 2003; Campitelli et al., 2005 Participants completed an imposing memory task (IMT) 144 used previously (Lewis et al., 2011; Powell et al., 2010 Powell et al., , 145 2012a Powell et al., , 2014 Second-level analysis revealed 12 significant clusters 355 in which activation was significantly greater for the Fig. 1 . Examples of a chess task scenario (A) and a control task scenario (B) for the fMRI chess task. In image (A) the chess pieces on yellow squares indicate the piece that is to be moved (top row -first image) or has been moved (top row -second and third images) and the block yellow square indicates where the piece has moved from. The participant must decide which move they would take next out of image 1 or image 2 (bottom row). In this example, image 1 is the correct response. This game is taken from the 1998 game between Jan Timman and Rui Damaso (http:// www.chess.com/games/view?id=861309#), after moving 10.Nd5. Image B shows the control condition; the ball can only move from one side of the chess board to the opposite side. Participants must decide where the ball will land next. In this example image 1 is the correct response. ( Fig. 3, region 11) ], fusiform gyrus [BA37 (Fig. 3, region   398 7)], inferior frontal gyrus [BA45 (Fig. 3, region 12 )], and 399 right hemisphere pyramis/cerebellum posterior lobe 400 (Fig. 3, region 8 ), lingual gyrus [BA18 (Fig. 3, region 9) ], 401 and middle occipital gyrus [BA19 (Fig. 3, region 10) ]. (Saxe et al., 2004) . This region is thought to be particu-517 larly important for reasoning about the mental states of 518 others, and is robustly reported in imaging studies that 519 involve 'false-belief' tasks (Saxe and Kanwisher, 2003) .
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This region is also thought to be important for distinguish-521 ing between self and other (Lawrence et al., 2006 during the chess task is that this region is important for 537 spatial processing skills (Marshall et al., 1997; Fink 538 et al., 2000 Fink 538 et al., , 2001 Powell et al., 2012b; Richter et al., 539 1997), and the ability to focus attention on a particular (Brunet et al., 2000; Vo¨llm et al., 2006) orbitofrontal cortex (Atherton et al., 2003; Bilalic´et al., 640 2010 Bilalic´et al., 640 , 2011a Bilalic´et al., 640 ,b, 2012 Krawczyk et al., 2011; Rennig 641 et al., 2013 positions (Chase and Simon, 1973; Gobet, 1998 (Happe´and Frith, 1996) , schizophrenia (Frith, 2014) , 661 bipolar affective disorder (Bora et al., 2005) , learning dif-662 ficulty (Capps et al., 1998) , attention deficit hyperactivity 663 disorder (Uekermann et al., 2010) as well as Tourette's 664 Syndrome (Eddy et al., 2011 regardless of task and stimuli (Schurz et al., 2014 for the ToM task and the empathizing task is not Fig. 3 . Twelve areas of activation yielded by the contrast 'ToM'-'Physical 1' (tested across the whole brain) corrected for multiple comparisons (P < 0.05, FDR) shown on sagittal, coronal and axial planes on a single subject T 1 MR image supplied by SPM8. Regions were extracted using the toolbox MarsBaR for SPM8. Talairach coordinates (x, y, z) are given for the most significant voxel in each cluster. 
